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METHOD AND APPARATUS FOR TESTING 
HEARING AND FITTING HEARING AIDS 

This is a continuation of provisional application Ser. No. 
60/168,947 ?led on Dec. 3, 1999 and Ser. No. 60/169,590 
?led on Dec. 8, 1999. 

BACKGROUND AND PRIOR ART 

This invention relates to an improvement in methods for 
?tting hearing aids and to apparatus or equipment therefor. 

In addition, this invention relates to methods and appa 
ratus for testing and determining hearing abilities of a 
subject or patient, in general. 

Advances in hearing aid technology and the technology of 
testing and ?tting these devices have produced more sophis 
ticated and accurate hearing aids as Well as more sophisti 
cated softWare for adjusting these devices. Nevertheless, 
there continues to be a substantial number of complaints by 
hearing aid Wearers that, despite these improvements, the 
hearing aids do not function Well. A frequently heard com 
plaint of individuals With sensorineural hearing loss is “I 
hear, but I don’t understand, especially in noise.” This is still 
a principal complaint, even after having been ?t With a 
hearing aid or after the hearing aid has been further adjusted. 
Indeed, recent observations have been that, despite the 
availability of better digital devices and the existence of 
professionals dispensing hearing aids, the overall hearing 
aid satisfaction rate has remained around 50% for in the past 
decade or so. 

Currently, hearing aid ?ttings are validated by What are 
categoriZed in the industry as subjective and objective 
determinations. The most popular method for adjusting 
programmable hearing aids may be termed “simulated 
objective” methods. 
Common use of the term “subjective” as used in hearing 

aid industry refers to “experiential information to Which the 
subject has ‘privileged access’” (i.e., a third party cannot 
experience the thoughts of another individual directly, but 
can merely have access to that information via reports from 
the subject.) Subjective information is in that respect similar 
to thoughts, scents, visual and hearing experiences etc., of 
the subject. Because of the unveri?able nature of such 
reports, subjective information is generally considered to be 
of less validity than objective information. 

Subjective measures include asking subjects to report the 
quality of their experience (e.g.: HoW does that sound?) and 
having the subject ?ll out a questionnaire aimed at deter 
mining the satisfactory nature of the instrument ?tting. 

The term “objective” is used to refer to information that 
can “be measured” by a third party, Where “be measured” 
implies capable of being correlated to a proposed relevant 
scale. This class includes electro-acoustic measurements, 
psychometric tests and group clinical experimental results. 

Objective measures include electro-acoustic measures by 
an instrument (e. g., analysis of the physical characteristics of 
the sound such as its intensity, frequency, etc, presented by 
the hearing aid in a test box; or as measured in situ With a 
probe microphone), speech discrimination tests (for 
instance, repetition of Word lists), and sound ?eld audiom 
etry (determination of the improvement in hearing threshold 
With the hearing aid in the ear). 

“Simulated-objective” methods include using computer 
simulations of What is expected to be the objective electro 
acoustic response of the hearing aid, if the hearing aid Were 
?t to an individual With an average siZe ear, and average 
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2 
acoustic resonance characteristics of that ear. Such methods 
are carried out With a physical coupling of the prosthesis in 
only one of many possible alternative couplings regarding 
canal depth, venting, coupler shape, etc. HoWever, since 
these values are averages, the simulation normally does not 
match the response actually present in the ear canal of a 
particular individual, and in fact can differ by 10 dB, 20 dB 
or more in certain important frequency regions. 
Most of the equipment used today by practitioners pre 

sents the objective or simulated-objective information in the 
form of data, for instance, as instrument readings, displays, 
computer simulations and the like. 

This information is used by the hearing aid dispensing 
(and/or ?tting) practitioner or a test operator to adjust the 
tuning characteristics of the instrument for each Wearer. The 
more accurate the methods, the more appropriate the adjust 
ments. HoWever, the more objective the ?tting methodology, 
the more technically challenging it is to the practitioner, and 
the less that methodology tends to be used by practitioners. 

Currently, most hearing aid dispensing practitioners ?t 
hearing aids and validate those ?ttings by the subjective 
method alone. Those Who ?t or dispense programmable 
hearing aids use a simulated-obj ective methodology. Asmall 
percentage use objective electro-acoustic veri?cation 
methods, and a rare group use in situ measurements. Of 
those that use in situ measurements a small percentage use 
digital modulated sound signals that are capable of assessing 
the performance of the premium digital hearing instruments. 
Some instruments are capable of monitoring the acoustic 

signal in situ in the ear. Some equipment is provided With 
earphones that may be plugged into the probe microphone 
system, to alloW the dispensing test operator access to 
certain acoustic signals in the ear canal of the patient. 
US. Pat. No. 6,056,698 of Iseberg, et al. discloses in 

concept apparatus for audibly monitoring the condition in 
the ear of a patient undergoing an auditory evaluation and a 
method of using that apparatus. This apparatus includes a 
signal generator for forming an electrical signal based on a 
condition Within an ear (for instance, a probe microphone) 
and an output for making the signal accessible to an audio 
transducer (for instance a speaker or earphones connected to 
a jack on the apparatus). The test operator, in conducting the 
testing of the subject’s hearing, is thus able to monitor the 
sounds in the subj ect’s ear. Speci?cally, the apparatus alloWs 
the test operator to listen during the test for extraneous 
noises, for instance those produced by activities of the 
subject such as grinding of teeth. Alternatively, the apparatus 
may be used by the test operator in advance of testing the 
subject’s hearing to identify environmental noise, or to listen 
to the test signal during testing. 

Related to the invention is the concept of a hearing loss 
simulator. Hearing loss simulation has been used both in 
hearing research experimentation and to approximate for 
demonstration purposes What it Would be like to hear With a 
hearing loss. In the experimental and demonstration usages, 
masking noise or a single channel gate (expander) ?lter, or 
a graphic equaliZer have been used on pre-recorded test 
materials and presented to normal hearing subjects to com 
pare to hearing impaired subjects. 

SUMMARY OF THE INVENTION 

This invention comprises both apparatus and method for 
testing hearing and for ?tting or adjusting a hearing aid. 

In general, the apparatus comprises: 
a system for audibly monitoring and testing hearing of a 

subject by a test operator comprising: 
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a source of at least one test signal; 
at least one probe for insertion into the ear canal of a 

subject; 
at least one ?rst speaker for emitting the test signal into 

one or both ears of the subject; 
a signal generator or probe microphone system, for 

receiving from the one or both ears of the subject, via 
the probe, an audible signal representative of a 
condition Within the one or both ears, and for gen 
erating therefrom an electrical signal; 

an audio transducer for converting the electrical signal 
into an audible signal; 

and at least one ?lter for ?ltering out loW-level sound 
tones from the audible signal. 

Another aspect of the invention relates to a method of 
testing the hearing of a subject. More speci?cally, this 
comprises: 
A method for testing the hearing of a subject by a test 

operator, comprising: 
establishing a threshold hearing level for the subject; 
emitting at least one test signal simultaneously into one or 

both ears of the subject and one or both ears of the 
operator; 

transmitting to the operator a signal from the ear canal or 
canals of the subject; 

?ltering loW level sounds from the signal transmitted to 
the operator so as to substantially conform the trans 
mitted signal to the threshold hearing level of the 
subject, producing a modi?ed transmitted signal; 

adjusting the transmitted signal to correspond to the 
supra-threshold loudness level eXperience of the sub 
ject; and 

comparing the modi?ed transmitted signal With the full 
hearing range of a subject having normal hearing. 

The method above can be further used to ?t and/or adjust 
hearing aids by inserting a hearing aid into the ear of the 
subject after the comparison of the modi?ed transmitted 
signal With the full hearing range of a normal subject, and by 
adjusting the hearing aid to compensate for hearing loss. 

DESCRIPTION OF THE DRAWINGS 

FIG. 1 represents a schematic of the system of this 
invention. 

FIG. 2 represents comparative diagrams of prior art 
methods and instrumentation for ?tting hearing aids, as 
compared With the system and method of the invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Instruments and techniques currently in use today tend to 
rely on demonstration of the hearing level of a subject to him 
or her and to the tester by means of displays, for eXample, 
computer-generated simulations or outputs of various mea 
suring instruments. 

Subjects may be asked for their subjective evaluation of 
their hearing aid’s performance. In any given conteXt the 
subject is more often than not unsure as to the appropriate 
ness of the sounds they are hearing due to memory issues. 
Different conteXts create additional confusions. Linguistic 
limitations of the subjects make it dif?cult for them to 
describe or communicate their auditory eXperience. 

It has been my observation that individuals With senso 
rineural hearing loss have essentially the same supra 
threshold sensitivities to sound as their normal hearing 
counterparts. Additionally, individuals Who eXperience hear 
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4 
ing loss can often hear middle-level and loud-level sounds 
the same as or even more than their counterparts With normal 
hearing levels. Indeed, for individuals having a hearing loss, 
relatively loud sounds may seem even louder than they do to 
others. What tends to be lost is the ability to hear very soft, 
or loW-level, sounds, most often in a frequency-speci?c 
manner. 

To properly ?t a hearing aid or prosthesis, a test operator 
must be assured that acoustic cues are being delivered to the 
subject, and must be able to determine if the cues that are 
delivered are sufficient for an individual With normal audi 
tory processing and cognitive capacities to achieve “under 
standing”. This is because in a number of cases, a person’s 
inability to properly understand, even With a hearing aid, 
may be due to lack of auditory processing or cognitive 
capacity, i.e., lack of capacity to properly process received 
sounds, as opposed to lack of physiological ability to receive 
and hear sounds. If the acoustic cues are provided in such a 
manner that a person With normal auditory processing and 
cognitive abilities is able to understand speech, yet the 
subject is still unable, this indicates such reduced auditory 
processing or cognitive capacity for the subject. If such 
diminished capacity is observed, then the test operator needs 
to further adjust the acoustic parameters of the hearing 
prostheses to optimiZe the presentation of the acoustic 
environment through the hearing prostheses to maXimally 
bene?t the subject’s abilities. 

The invention herein involves enabling the test operator 
testing for hearing level and/or ?tting a hearing aid to 
eXperience sounds as heard by the subject or patient. As used 
herein, the term “test operator” refers to a person conducting 
a hearing test, Whether for the purpose of ?tting or adjusting 
a hearing aid, or for the purpose of general testing of a 
subject’s hearing. The test operator may be a licensed 
hearing aid dispenser/audiologist, a medical doctor or a 
technician. By “subject” is meant the person Whose hearing 
is being tested and/or Who is being ?tted With a hearing aid 
(or having an eXisting hearing aid adjusted). Speaking very 
generally, this is accomplished by providing an instrument 
having a means of generating a test signal simultaneously to 
a subject and to the test operator. This is preferably accom 
plished in the invention by providing earphones (or, 
alternatively, a speaker) to the test operator. Such earphones 
are provided as options With several instruments that are 
currently available. HoWever, the invention herein involves 
a modi?cation of instruments of this type, involving the 
incorporation of at least one, and preferably a plurality of, 
?lters, preferably multi-channel adaptive, dynamic ?lters, 
that are capable of “real-time” modi?cation of acoustic 
signals. As Will be explained beloW, the use of such ?lters 
provides the test operator With access to an acoustic signal 
similar to What is delivered to the subj ect’s brain as modi?ed 
by the subject’s damaged cochlea, Which is not fully func 
tioning. 

In general, the system or apparatus of this invention 
comprises many of the components often found in apparatus 
sold for this purpose today. The system includes a source of 
at least one test signal, Which is to be transmitted to the 
subject or patient as Well as to the test operator. Currently 
available equipment includes mechanisms for generating 
many different types of test signals, including sounds, music, 
voices, With and Without noise, and even includes means for 
providing simulated “real-life” situations, such as multiple 
conversations occurring at the same time in a single location. 
The test operator Will choose the nature and intensity of 
signals to be transmitted to the subject for testing the 
subject’s hearing in general and With a ?tted prosthesis. 
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The equipment includes at least one probe for insertion 
into an ear canal of the subject, and at least one reference 
microphone. There is at least one speaker for emitting the 
test signal into the subject’s ear. Thus, the test signal is 
transmitted to the subject. 

The microphones are connected to a multi-channel 
preampli?er, and through that to a ?lter, (called a Hearing 
Loss Simulator) to a system including a computer having 
spectrographic softWare, audio input/output capabilities and 
stereo earphones (or speakers). The spectrographic softWare 
is capable of spectrographic analysis of the sound signal in 
intensity, frequency, time, phase and can perform distortion 
analysis etc., and is used to analyZe the sound signal present 
in the ear canal of the subject. 

The apparatus of this invention also includes a signal 
generator that receives from the ear an audio signal repre 
senting a condition Within the ear canal. The signal 
generator, Which may be a transducer, converts the condition 
Within the patient’s ear canal into an electrical signal. In this 
invention the signal is preferably delivered to earphones 
Worn by the test operator. HoWever, the transducer may 
alternatively be a speaker or other device that converts 
electrical signals to sound. The earphones or speaker are 
connected to the main apparatus via a typical output jack, or 
may be connected via hard Wiring to the signal generator. 

In this invention, the system or apparatus further includes 
at least one ?lter for ?ltering out loW-level sound tones from 
the audible signal that is received by the signal generator in 
the subject’s ear. The ?lters used in this invention are 
preferably multi-channel adaptive dynamic ?lters. Such 
?lters are not neW in general and have been sold for various 
purposes in electrical equipment. HoWever, their use in 
apparatus for testing hearing and ?tting hearing aids is 
novel, particularly When used to ?lter loW-level noise from 
a signal being transmitted to the operator. Filters usable for 
this purpose in this invention have one or more of the 
folloWing characteristics: gate (or expander) ?lters Which 
remove loW-level sounds, multi-channel dynamic spectral 
equaliZers Which can be shaped to given audio spectral 
contours, compressors Which limit and contour the ampli 
tude dynamic range, and temporal modi?ers that add delays, 
reverberation or other temporal distortions. Such ?lters are 
found in TC Electronic’s FinaliZer. 

While the system may include as feW as one such ?lter, 
preferably it contains any number of ?lters necessary for the 
intended purpose of the test operator. The use of a plurality 
of ?lters is carried out in order to adjust the transmitted 
audio-signal to correspond to the Wide range of clinically 
observed hearing losses. Such losses vary in the spectral 
shape of the hearing threshold and in spectral supra 
threshold loudness sensitivities. 

The system and apparatus of this invention may addition 
ally contain other components currently found in such 
systems. These include, for example, computer monitors or 
other display devices, instruments for reading and display 
ing information on a screen, electrical signals simulating or 
representing the hearing of the subject. 

FIG. 1 is a schematic depiction of a system according to 
this invention. 

Referring to FIG. 1, the system comprises a personal 
computer (Which may be a desktop or laptop computer, as 
desirable), generally indicated at 10. This contains, as is 
usual, one or more drives, a sound card, spectrographic 
softWare and also includes a monitor or other display device 
11. Preferably the display device is a CRT output display that 
has capabilities of presenting audio spectra, speech 
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6 
spectrograms, a time series and other three-dimensional 
sound representations. The system includes means for gen 
erating one or more types of signals (not shoWn) Which are 
to be transmitted to the subject during the testing. 

Linked to the central computer 10 are a pair of binaurally 
balanced probe microphones 12, 14 and reference micro 
phones 16, 18. The probe microphones are attached to probe 
tubes that are placed in the subject’s ear canals; the reference 
microphones are placed along side each ear and are used to 
calibrate the probe microphones and assess bilateral cali 
brations. 

The Microphone Biasing Instrument 20 adjusts the fre 
quency response of the microphones to assure a ?at fre 
quency response. The pre-ampli?er 22 (in this speci?c case, 
a 2—4 channel preampli?er) adjusts the transmitted signal 
gain from the biasing instrument 20 to have it electronically 
interface With the audio spectrum ?lter or ?lters, indicated at 
24. 

The component labeled “Adaptive/dynamic Audio Spec 
trum Filter” 24 is the actual “hearing loss simulator”. It 
variously contains multi-channel (3—9 channel) spectral 
?lters, loW-level amplitude ?lters such as gate (expander) 
?lters, mid and high amplitude ?lters such as compressors 
and limiters, and temporal ?lters such a delays, reverbera 
tion ?lters etc., Which are used to adjust the contour of the 
frequency spectrum and amplitude ranges that are being 
transmitted from the probe microphone(s) 12, 14 that are 
situated in the subject’s ear(s). These ?lters are capable of 
“real-time” modi?cation of acoustic signals and alloW a test 
operator to produce, as Will be described beloW, an output 
signal Which is derived from the original signal transmitted 
to the subject, minus a correction for the audibility sensi 
tivities and supra-threshold deviations produced by the 
sensorineural damage to the individual’s cochlea. 

Also connected through the system is a set of stereo 
earphones 30. The probe microphones 12, 14 receive sound 
representative of the condition in the subject’s ear or ears, 
and convert such sound to an electrical signal. That signal is 
transmitted through the system to earphones 30, or alterna 
tively to a speaker. This enables the test operator to use his 
or her hearing to ?t, select or adjust hearing aids based upon 
the received experience of the sound as existing in the 
subject’s ear canal(s). 
The method aspects of this invention comprise the steps 

of establishing a threshold hearing level for the subject, 
emitting at least one signal simultaneously into the ear of the 
subject and the ear of the operator, transmitting to the 
operator a signal representing a condition of the subject’s ear 
canal, ?ltering loW-level sounds from the signal transmitter 
to the operator so as to substantially conform the transmitted 
signal to the threshold hearing level of the subject (thereby 
producing a modi?ed transmitted signal), modifying the 
transmitted signal to conform to the supra-threshold sensi 
tivities of the subject, and (by the use, for example, of a ?lter 
bypass) comparing the modi?ed transmitted signal With the 
full hearing range of a normal subject. This enables the 
operator to understand and appreciate the nature of the 
sounds actually heard by the subject, Which is a far more 
accurate method of determining the subject’s hearing than 
current techniques that use graphic and other depictions 
including computer simulations and readouts from various 
instruments. 

FIG. 2 graphically depicts the differences betWeen the 
method described above and current instrumentation. FIG. 
2c describes the usual instrumentation currently used for 
testing and ?tting hearing aids, in Which the sound from the 
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subject’s ear is transmitted via a probe through instruments 
performing spectral analysis, and is converted into an 
output, for example, instrument readouts or graphs shoWn on 
a computer screen. 

FIG. 2b depicts a method disclosed in the Iseberg et al. 
US. Pat. No. 6,056,698 in Which, in addition to converting 
sound in a subject’s ear to a spectral analysis output, the test 
operator is able to monitor certain conditions in the ear (for 
example, the presence of environmental noise or noise 
generated by the subject) by use of a speaker or set of 
earphones. 

FIG. 2a depicts the method of the present invention, 
Which includes the generation of a signal to the test operator 
representing the actual sound condition Within the subject’s 
ear canals. As described herein, this enables the test operator 
to observe and account for not only physiological hearing 
ability and inability of the subject, but also for the subject’s 
ability to process What is heard. 

Current electro-acoustic measurement instrumentation 
cannot spectrographically demonstrate the presence of intel 
ligible speech. It is in general not capable of distinguishing 
the degraded speech elements that contribute to speech 
discrimination, particularly in the presence of con?icting 
noise. HoWever, the normal human auditory system is 
capable of such discrimination. 

It has been my observation, as mentioned above, that 
individuals With mild and moderate sensorineural hearing 
loss, although lacking the audibility of normal hearing 
individuals, nevertheless retain a relatively normal range of 
hearing experience to mid and loud level sounds. The 
system, apparatus and method of this invention apparatus 
provides the test operator access to the acoustic signal 
delivered to the subject, modi?ed in such manner as to 
correspond to the subject’s hearing impairment and alloWs 
the use of the con?rmed hearing of the acoustic and linguis 
tic information in the subject’s ear canal(s) as objective 
acoustic data. This modi?ed signal can be assessed and 
evaluated by the test operator’s oWn auditory processing 
system, as described above. The earphone presentation to 
the test operator can be calibrated to both the audibility loss 
of the subject as Well as to any unusual loudness sensitivi 
ties. In this manner, the test operator is afforded the capa 
bility of modifying and assessing the quality of a hearing aid 
?tting as Well as the capabilities of the subject, utiliZing as 
a comparison the test operator’s oWn speech discriminating 
ability. 

The test operator also can use his or her oWn higher-level 
auditory processing and cognitive abilities to process subtle 
co-modulated speech patterns, timbre features, spectral 
characteristics, etc., in the signal transmitted to the subject 
(for instance a statement in the test operator’s oWn voice) to 
assess the availability of speci?c types of speech cues in the 
subject’s ear canal(s). If the subject hears, but does not 
understand the presented speech and the test operator does, 
this indicates that although equal audibility has been 
provided, higher-level processing abnormalities are limiting 
intelligibility for the subject. 

For instance, the test operator can assess faculties such as 
speech discrimination—under a variety of environmental 
conditions, With different speakers, or With different speak 
ing rates; “hearing out” signals in noise; echo suppression; 
directional determinations; segregation of competing sound/ 
speech signals, and integration of associated sound/speech 
signals. The test operator may also be able to assess for 
sound quality judgements, for example judgements based on 
missing or distorted sound components or on timbre varia 
tions from the norm. 
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More speci?cally, the method of this invention is carried 

out in the folloWing manner: 
First, audiometric tests are performed in order to establish 

the hearing threshold and general supra-threshold sensitivity 
levels of the subject. 
The probe microphones are then placed in the subject’s 

ear or ears and a hearing prosthesis Whose settings roughly 
approximate an average hearing loss correction is placed in 
the ear(s). The subject is asked to adjust the general volume 
control level to What he or she considers a natural conver 
sational level. The test operator listens to the signal trans 
mitted from the subject’s ear canal via the earphones. Then 
appropriate threshold level sounds are simultaneously pre 
sented to the subject and the test operator listening to the 
signal from the subject’s ear canal. If a test signal is just 
barely audible to the subject, then the test operator adjusts 
the parameters on the multi-channel dynamic ?lter (the 
hearing loss simulator) so that the test signals are just barely 
audible to the test operator. Similarly the parameters of the 
hearing loss simulator are adjusted to provide conformity 
With the supra-threshold loudness sensitivities of the subject 
and the test operator to a variety of test signals of varying 
strength and spectral complexity. 
The method of using the ?lters comprises, for example, 

using the volume control to set the comfortable level for 
average sounds; using the threshold loW-level sounds for 
setting the gate ?lter; and using the suprathreshold medium 
and loud sounds for setting the compressor and output 
limiter. 
Then the hearing prosthesis is adjusted With the use of 

standardiZed speech-like signals (for example ICRA, DSP, 
etc.) and/or live voice signals and/or other types of sound 
signals. The test operator simultaneously monitors the test 
signals With the spectrographic output from the apparatus 
and With the earphones. SoftWare is used to display corre 
sponding ?tting target curves on a spectrogram, in addition 
to output obtained from the ear canal. 
The ?lters on the hearing prosthesis are then adjusted to 

provide gain for soft sound (to provide adequate audibility 
to various soft voices or speech modulated noise patterns) 
and provide squelch (loW-level expansion) to compensate 
for soft, non-speech noises. Additionally, the ?lters are used 
to provide appropriate gain if necessary for loud (“alarm 
clock”) sounds of varying intensities and durations in each 
manageable frequency channel. 

Preferably the test signal battery also contains at least four 
signals representing speech, Which are used to present 
speech modulated tonal/noise patterns of different spectral 
composition (i.e., representing different voice qualities). 
These different voice spectral ?lters may be used to create 
sentence lists for testing the subject. The hearing instruments 
are tuned to maximiZe speech intelligibility to the four 
voices. The audio-visual appearances of the speech modu 
lated noise patterns and voice spectra are determined. Con 
tinuous multi-talker in speech babble noise, or other simu 
lated noise environments appropriate to the subject’s 
lifestyle, may be played at different noise levels. Signal/ 
noise ratios vs. intelligibility tests can be performed to 
determine threshold of intelligibility and the best prosthesis 
settings for optimal intelligibility for the different environ 
mental noise contexts. 

Special auditory signal processing tests can be used to 
assess higher level processing problems in the subject. These 
can range from standard auditory processing tests to more 
experimental speech degradation tests, in Which running 
speech is presented With increasingly desynchroniZed 
speech until the subject is no longer able to repeat the 
sentences. 
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“Quality of Sound” complaints from the subject can be 
also be analyzed by auditory monitoring by the test operator 
and by comparing the Waveform characteristics of the probe 
and reference microphones after presentation of the ques 
tionable sound. 

Using this instrument and method the test operator can 
modify or replace the prosthesis to optimiZe its performance 
for the subject’s needs. The test operator can determine 
Whether the subject’s inability to hear or understand is due 
to limitations of the hearing prosthesis or to limitations of 
the client’s auditory processing or cognitive capacities. This 
methodology can substantially restore the subject’s hearing 
and understanding and presumably the subject is satis?ed. In 
multiple memory hearing instruments or to test certain 
adaptive features, the entire procedure is repeated to adjust 
the hearing instrument under appropriate conditions. 
On the other hand, if replacement or adjustment of the 

prosthesis still does not compensate for the patient’s inabil 
ity to hear, then it is likely that the patient’s inability to hear 
is not due to a physiological condition that can be corrected 
by amplifying the sound appropriately, or is due at least in 
part to a lack of auditory processing or cognitive abilities to 
process sounds. Since the test operator can establish Whether 
he or she is able to properly process the same sounds, a 
comparison of the test operator’s abilities With that of the 
subject Will indicate that the auditory processing and cog 
nitive capabilities of the subject have been adversely 
affected. In that case, the test operator Will so advise the 
subject. 

Subjects Whose performance is not adequate With hearing 
prostheses alone may require the use of assistive listening 
devices (ALDs) such as special remote microphone 
transmitters, supplemental beam forming microphone 
attachments, special telephone adapters or other audio input 
devices. The performance of each of these may be evaluated 
for the subject via the use of this invention. 

It should be noted that the use of the ?lters used in this 
invention differ substantially from the use or adjustment of 
sound level in current equipment. Adjustment of sound level 
in current equipment is performed similarly to adjustment of 
sound level in a stereophonic system. That is, the operator is 
able to separately adjust the volume of loW-frequency (bass) 
or high-frequency (treble) sounds or any other sounds that 
the equipment is capable of adjusting. Similarly, equaliZers 
may be used to balance general sound levels. The test 
operator could also balance the tWo different types of sounds 
as is normally done in using stereophonic equipment. 
HoWever, in all of these methods, Whether the volume is 
loWered or raised, all the qualities of the bass or treble 
sounds respectively are retained, from loW-level to high 
level sounds of that type. On the other hand, the use of the 
present system and method enables the test operator to block 
or ?lter out loW-level sounds of a speci?ed type (depending 
on the ?lters that are used) entirely or nearly entirely. This 
?ltering out more accurately replicates a subject’s actual 
hearing experience, since loss of hearing tends to lie prima 
rily if not entirely in the loss of ability to hear loW-level 
sounds most often restricted to a particular (e.g.: high 
frequency) region of the frequency spectrum. The capabili 
ties of the system and apparatus, and method, of this 
invention to utiliZe this procedure so as to make it possible 
for the operator to experience the actual hearing loss or 
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ability of the subject, provides a distinguishing feature over 
current or other prior art techniques and equipment. 

Modi?cations and variations of this invention may be 
readily apparent to those skilled in the art from this descrip 
tion. Therefore, my invention is not limited to the speci?c 
features as disclosed herein but only to the invention as 
claimed in the claims that folloW. 
What is claimed is: 
1. A system for audibly monitoring and testing hearing of 

a subject by a test operator comprising: 

a source of at least one test signal; 

at least one probe for insertion into the ear canal of a 
subject; 

at least one ?rst speaker for emitting the test signal into 
the ear of the subject; 

a signal generator for receiving from the ear via a probe, 
an audible signal representative of a condition Within 
the ear, and for generating therefrom an electrical 
signal; 

an audio transducer for converting the electrical signal 
into an audible signal; 

and at least one ?lter for ?ltering out loW-level sound 
tones from the audible signal. 

2. A system according to claim 1 in Which the test signal 
comprises one or more live voice signals. 

3. A system according to claim 2 in Which the live voice 
signals comprise speech modulated noise patterns of differ 
ent spectral composition representing different voice quali 
ties. 

4. A system according to claim 1 in Which the signal 
generator comprises a probe microphone. 

5. A system according to claim 1 in Which the transducer 
comprises an earphone or earphones. 

6. A system according to claim 1 further comprising 
spectral display means for displaying sound qualities. 

7. Asystem according to claim 1 comprising a plurality of 
?lters. 

8. A method for testing the hearing of a subject by a test 
operator, comprising: 

establishing a threshold hearing level for the subject; 
emitting at least one test signal simultaneously into one or 

both ears of the subject and of the operator; 
transmitting to the operator a signal from the ear canal or 

canals of the subject; 
?ltering loW level sounds from the signal transmitted to 

the operator so as to substantially conform the trans 
mitted signal to the threshold hearing level of the 
subject, producing a modi?ed transmitted signal; 

adjusting the transmitted signal to correspond to the 
supra-threshold loudness level experience of the sub 
ject; and 

comparing the modi?ed transmitted signal With the full 
hearing range of a subject having normal hearing. 

9. A method according to claim 8 in Which the test signal 
comprises a live voice signal or signals. 

10. A method according to claim 8, further comprising 
adjusting an existing hearing prosthesis for the subject or 
?tting the subject With a neW prosthesis. 

* * * * * 


